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A Convenient Synthesis of 3-Alkyl-4-aminobutanoic Acids

Ryszard Andruszkiewicz, Richard B. Silverman*®

Department of Chemistry and Department of Biochemistry, Molecular
Biology, and Cell Biology, Northwestern University, Evanston,
IL-60208-3113. USA

A scries of 3-alkyl-4-aminobutanoic acids were prepared via the Mi-
chael addition of nitromethane to 2-alkenoic esters, followed by cataly-
tic hydrogenation of the resultant 3-(nitromethyl)alkanoic esters using
10% palladium on carbon in acetic acid, and acid hydrolysis of the
reduction products.

v-Aminobutyric acid (GABA) analogues, as substrates and
inhibitors of  y-aminobutyric acid aminotransferase
(E.C.2.6.1.19), have been extensively studied in this labora-
tory.! In continuation of this program we required ready access
to 3-alkyl-4-aminobutanoic acids for our investigations. Sur-
prisingly, only a few reports on the synthesis of these amino
acids have appeared.?™* For example, 3-methyl-4-aminobuta-
noic acid was prepared by the Michael addition of nitrometh-
ane to methyl crotonate, followed by high-pressure hydrogen-
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* Commercially available ethyl crotonate (1a) was used.
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ation on Raney-nickel at elevated temperature.® * 3-Ethyl-
and 3-propyl-4-aminobutanoic acids were synthesized from the
corresponding nitroalkenes and dimethyl malonate: the result-
ing 4-nitroesters were reduced by Raney nickel hydrogenation
to give the corresponding 2-pyrrolidones which were acid-
hydrolyzed to the GABA analogues.* This route suffers from
certain disadvantages, including high-pressure hydrogenation
and the limited accessibility of the required nitroalkenes.

We report here a method for the formation of 3-alkyl-4-
aminobutanoic acids 3a-h starting from 2-alkenoic esters
1a—h, which can be easily prepared from commercially available
aldehydes and monoethyl malonate by the Knoevenagel reac-
tion.* with the exception of ethyl 4,4-dimethyl-2-pentenoate
(1h). This compound was prepared from 2,2-dimethylpropanal
and ethyl lithioacetate,® followed by dehydration of tae f-
hydroxyester with phosphoryl chloride and pyridine.” The
Michael addition of nitromethane to x,f-unsaturated com-
pounds mediated by 1,1,3,3-tetramethylguanidine® or 1,8-
diazabicyclo[5.4.0]Jundec-7-ene® (DBU) afforded 4-nitrozsters
2a-hin good yields (Table 1). The relatively low yield of 2h is

Table 1. Compounds 2a-h Prepared

Com- Yield® bp Molecular ~ 'H-NMR
pound (%) Q) Formula® (CDCL,/TMS)
Torr or Lit. bp 4, J(Hz)

(“C)/Torr

2a 74 84-86/2 84-86/1'4 1.07 (d, 3H, J= 7). 1.35 (1,
3H, J=6.50); 2.36 (d, 2H,
J=6); 25-28 (m, 1H);
420 (g, 2H, J = 6.5); 422
4.5 (m, 2H)

2b 70 106-108/ C4H,sNO, 1.06 (t,3H, J=6.5); 1.33 (1.
2 (189.2) 3H, J=7); 1.45-1.65 (m,
1H); 2.4-2.7 (m, 3H); 4.22
(@, 2H. J=7); 4.52 (d, 2H,
J=16)
2¢ 64 110-112/  98-100/ 0.9 (1, 3H, J=6); 1.26 (1,
1.25 1.57% 3H. J=7); 13-1.5 (m,
4H), 2.4 (d, 2H, J=:6.5);
2528 (m, 1H); 4.14 (q,
2H. J=7); 446 (d, 2H. J
=6)
2d 72 115-116/ CyH,,NO, 095 (d. 6H, J=6.5); 1.28
1.25 (203.2) (t, 3H, J = 7); 1.65-1.95 (m,
1H);, 245-2.75 (m, 3H)
413(q,2H, J=7), 445 (d,
2H, J=6)
2 65 124-126/ C,oH,oNO, 09 (t, 31, J = 6.5 1.1-1.5
1.25 217.3) (m, OH); 2.4-2.7 (m, 3H);
415(q. 2H, J =T7); 4.50 (m,
2H)
2w 74 119-120/ C,,H,,NO, 0.9 (m, 6H); 1.22 (t, 3H, J
1.25 (217.3) =7) 1.3-1.65 (m, 3H):
23-2.5 (m, 2H); 25-29
(m, 1H); 4.12 (q. 2H, J
=7); 44-4.6 (m, 2H)
28 66 103-104/ C,,H,sNO, 0.95 (m, 6H); 1.28 (t, 3H, J
0.75 (217.3) =7); 1.45-1.80 (m, 1H);
240 (d, 2H, J=65); 415
(q, 2H, J="T); 4.50 (d, 2H,
J=16.5)
2h 40 115-119/ C,oH,;eNO, 095 (s, 9H); 1.25 (¢, 3H, J

1 (217.3) =7); 24-2.8 (m, 3H}; 4.15
(4, 2H, J=7); 44-4.7 (m,

2H)
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probably associated with the steric hindrance by the bulky ters-
butyl group in compound 1h during the reaction with
nitromethane.

Although the aliphatic nitro compounds are usually reduced
either by high-pressure catalaytic hydrogenation,'® by metal-
catalyzed transfer hydrogenation,'' or by newly-introduced
hydrogenolysis methods with ammonium formate!? or sodium
borohydride'? and palladium as catalyst, we have found that 4-
nitrocarboxylic esters can be reduced almost quantitatively to
the corresponding 4-aminocarboxylic esters by hydrogenation
using 10% palladium on carbon as catalyst in acetic acid at
room temperature and atmospheric pressure. The amino esters
produced were subjected to acid hydrolysis to afford the title
compounds 3a-h in good yields (Table 2). This procedure
provides access to a variety of 3-alkyl-4-aminobutanoic acids 3,
and thus is advantageous in comparison to methods previously
used. Preliminary results indicate that compounds 3 are alter-
nate substrates for the enzyme y-aminobutyric acid aminotrans-
ferase.

All reagents were purchased from Aldrich Chemicai Co. and were used
without further purification. All solvents were dried under standard
conditions if necessary. Meclting points were determined on a Fisher-
Johns melting point apparatus and are uncorrected. Microanalyses
were performed by Galbraith Latoratories, Knoxville, TN. 'H-NMR
spectra were recorded at 90 MHz on a Varian EM-390 spectrometer.

Ethyl 4,4-Dimethyl-2-pentenoate (1h):

Lithium bis(trimethylsilylamide) (50mL of a 1M solution in THF,
50 mmoi) is placed in a dried, argon-filled round-bottomed flask
cquipped with magnetic stirrer and cooled to — 78°C, then EtOAc
(4.92mL, 50 mmol) is syringed in, and the mixture is stirred for 20 min.
2,2-Dimethylpropanal (5.5mL, 50 mmol) is syringed into the solution.
After 20 min, the reaction is quenched with 20% aq. HCI (10mL),
allowed to reach r.t., and EtOAc (50 mL) is added. The organic phase is
washed with H,O, dried (MgSO,), and evaporated to give crude ethyl

Table 2. Amino Acids 3a-h Prepared

Com- Yield* mp(°C) Molecular 'H-NMR
pound (%) (H,0/  Formula® (D,0/DSS)*
EtOH)  or Lit. J, J(Hz)
mp (°C)

3a 83 204 1742, 1993 1.05(d, 3H, J=7); 2.1-2.4
(m, 3H); 2.9-3.1 (m, 2H)

3b 84 203 1781804 095 (t,3H, J=7); 1.3-1.65
(m, 2H); 1.9-2.3 (m, 1H);
2.35 (d, 2H, J == 6.5); 3.05
d,2H,J=6)

3¢ 80 195-197 195 095 (t, 3H, J=6); 1.2-1.5

(m, 4H); 2.0-2.4 (m, 3H);
3.0 (4, 2H, J=6.5)
3d 86 190-191  C,H,;sNO, 095 (m, 6H); 1.5-2.1 (m,
(145.2) 2H); 2.25-2.50 (m, 2H);
2.9-3.1 (m, 2H)

3¢ 86 181-182  CgH,,NO, 0.9 (1, 3H, J="T); 1.1-1.4
(159.2) (m, 6H); 1.8-2.3 (m, 3H);
3.0 (d, 2H, J = 6)
3f 81 173-174  CgH{;NO, 0.9 (m, 6H); 1.1-1.35 (m,
(159.2) 3H); 2.0-2.4 (m, 3H): 2.9~
3.1 (m, 2H)
3g 88 184-185 C4H,-NO, 095 (d, 6H, J=6.5); 1.0~
(159.2) 1.25 (m, 2H); 1.35-1.60 (m,
1H); 2.0-2.35 (m, 3H); 2.95
d,2H, J=6)
3 78 197198  C4H,,NO,  0.95 (s, 9H); 1.75-2.10 (m,
(159.2) 1H): 2.3-2.6 (m, 2H); 3.2~

34 (m, 2H)

* Yields of isolated pure products; not optimized and based on a single
experiment.
b Satisfactory microanalyses obtained: C +£0.39, H £0.23, N +0.29.

* Yield of isolated pure product.
b Satisfactory microanalyses obtained: C +0.27, H £0.27, N +0.18.
¢ DSS == 3-(trimethylsilyl)propanoic-2,2,3,3-d, acid, sodium salt.
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3-hydroxy-4.4-dimethylbutanoate (yield: 7.7g. 88%) [*H-NMR
(CDCL,/TMS) & = 0.95 (s, 9H); 1.30 (t, 3H, J = 7THz); 2.5 (m. 2H):
3.45 (s, 1 H); 3.75 (m, 2H); 4.25 (g, 2H, J = 7Hz)]. The hydroxy ester
is dissolved in pyridine (35mL), this solution is cooled to 5°C and
POCI, (4.8 mL. 50 mmol) is added dropwise, with stirring. The mixture
is kept for 3h at room temperature, for 1h ut 100°C, then poured onto
crushed ice (100 g). The product is extracted with Et,0 (3 x 50mL), the
extract is washed with 2N aq. HC1 (50mL) and H,O (50mL), dried
(MgS0,), and distilled under reduced pressure: yield: 5.1 g (74%); bp
62°C/9 Torr.

CoH (0, calc. C61.19 H10.32

(156.2) found 61.02 10.22

TH-NMR (CDCly/TMS): 6 = 1.1 (s. 9H); 1.25(t, 3H, J = 7Hz); 4.20
(q,2H,J = THz); 5.75(d, 1 H, J = 16.5Hz); 7.0 (d, 1 H. J = 16.5Hz).

Ethyl 3-Alkyl-4-nitrobutanoates (Ethyl 3-Nitromethylalkanoates) 2a—h;
General Procedure:

In a dry, argon-filled round-bottomed flask, fitted with magnetic stirrer,
the appropriate cthyl 2-alkenoate la~h (25mmol) is dissolved in
nitromethane (6.7mL, 125mmol) and 1,1,3,3-tetramethylguanidine
{0.62mL, S mmol) is added. In the case of Th, DBU (3.8 g, 25 mmol) is
added instead of the guanidine derivative. The solution is stirred at r.1.
for 48 h. Then, Et,O (50 mL) is added, and the organic phase is washed
with 1N aq. HCl (25mL) and H,O (25mL), and dried (MgSO,). The
solvent is evaporated and the residuc is distilled under reduced pressure
(Table 1).

3-Alkyl-4-aminobutanoic Acids (3-Aminomethylalkanoic Acids) 3a-h;
General Procedure:

A solution of the appropriate ethyl 3-alkyl-4-nitrobutanoate 2a-h
(5 mmol) in AcOH (15mL) is hydrogenated over 10 % Pd—-C (100 mg)
for 2-4h at ambient temperature and pressure. The catalyst is then
filtered off, and the filtrate is evaporated under reduced pressurc. The
residue is dissolved in 6 N aq. HCl (20mL} and refluxed for 3h.
Evaporation to dryness under reduced pressure yiclds a material which
is purified by ion-exchange chromatography on Dowex S0W x& (H'
form) (eluting sequentially with H,O till pH7, then with 0.5N agq.
NH,). Fractions containing the amino acid 3 are collected, evaporated,
and crystallized by dissolving the residue in a minimum amount of hot
H,0 to which sufficient hot EtOH is added until just before crystalliz-
ation begins (Table 2).

We gratefully acknowledge the National Institutes of Health (NS 15703 )
for financial support of this work.

Received: 23 January 1989; revised: 10 July 1989

(1) Silverman, R.B., Levy, M. A. J. Org. Chern. 1980, 45. 815; J. Biol.
Chem. 1981, 256, 11 565.
Mathew, J., Invergo, B.1., Silverman, R.B. Synth. Commun. 1985,

15, 377.

Silverman, R.B., Durkee, S.C., Invergo, B.J. J. Med. Chem. 1986,
29, 764.

Silverman, R.B., Invergo, B.J., Mathew, J. J. Med. Chem. 1986,
29, 1840.

Silverman, R.B., Invergo, B.J., Levy, M. A. Andrew, C.R. J. Biol.
Chem. 1987, 262, 3192.
Silverman, R.B., George, C. Biochemistry 1988, 27, 32%5.
(2) Cloke, J.B., Stehr, E., Steadman, T.R., Westcott, L.C. J. Am.
Chem. Soc. 1945, 67, 1587.
Cronin, J.R.. Yuen, G.U., Pizzarello, S. Anal. Biochem. 1982, 124,
139.
(4) Colonge, J., Pouchol, I.M. Bull. Soc. Chim. Fr. 1962, 598.
(5) Kim, Y.C., Cocolas, G.H. J. Med. Chem. 1965, 8, 509.
(6) Rathke, M.W. J. Am. Chem. Soc. 1970, 82, 3222.
(7) Cason, J., Rinehart, K.L., Jr. /. Org. Chem. 1955, 20, 1591.
(8) Pollini, G.P., Barco, A., DeGiuli, G. Synthesis 1972, 44.
(91 Ono, N., Kamimura, A., Kaji, A. Synthesis 1984, 226.
(10} Lehmanr, J., in: Houben-Weyl, 4th ed., Vol. 1V/1c, Georg Thieme
Verlag, Stuttgart, 1980, p. 490.
(111 Johnstone, R.A.W., Wilby, A.H. Chem. Rev. 1985, 85, 129.
(12) Ram, S., Ehrenkaufer, R.E. Synthesis 1988, 91, and references
cited therein.
(13) Petrini, M., Ballini, R., Rosini, G. Synrhesis 1987, 713.
(14) Leonard, N.J., Felley, D.L. J. Am. Chem. Soc. 1949, 71, 1758.
(15) Leonard, N.J., Felley, D.L., Nicolaides, E.D. J. Am. Chem. Soc.
1952, 74. 1700.

(3)

Downloaded by: University of Liverpool. Copyrighted material.



